The overall purpose of the research is to investigate the effect of thickness on fiberglass reinforced epoxy laminates. In this study, simplified coupon specimens made from Epoxy/C-glass (200 g/m 2 ) and Epoxy/C-glass (600 g/m 2 ) with different thicknesses were used. To perform the high velocity impact tests (250 m/s), an instrumented single stage gas gun was used. The impacted specimens were examined to determine the extent of damages induced around the impacted point. For the projectile's velocity of 250 m/s, it was found that Epoxy/C-glass 200 g/m 2 was able to absorb 21.5 J of energy at the thickness of 12 mm, while Epoxy/C-glass 600 g/m 2 was able to absorb 96.1 J of energy at 10 mm thickness. Both the fibreglasses compute damage in terms of slight matrix breakage and cracking. A general trend was observed on the overall ballistic test results, which indicated that, as the plate thickness continue to increase, the damage at the lower skin decreases and could not be seen.
Introduction
Fiber-reinforced composite materials are widely used in aircraft, modern vehicles and lightweight structures. Composite structures have a high strength-to-weight and stiffness-to-weight ratio; however, because they are laminar systems with weak interface, they are very susceptible to an impact loading. This may cause invisible cracks and delaminations to occur in the material, which are often difficult to predict and detect. The damage of composite structures caused by impact events is one of the most critical behaviour that inhibits more widespread application of composite materials. It is important to understand the deformation and damage mechanisms involved in the impact of composite targets in order to produce effective design of a composite structure [1] . A prerequisite for increasing the usage of composite materials is the need to predict damage from high velocity and ballistic impact. Many researchers have employed an experimental approach to evaluate impact damage to composite materials. To implement this, a single stage gas gun is being used to predict and study the damage area. Meanwhile, for this research, impact velocity is set to be 250 m/s which refers to ballistic velocity. Presumably, all designers choose material based on cost and performance. However, their conclusions differ. The most economical choice depends on the cost of material, production cost, life cycle cost and material properties. Weight savings and performance enhancement naturally play a major factor in the choice of materials. For aerospace structures, it is clear that although carbon fiber is superior to glass fiber from the performance standpoint [2] but still carbon fibre is said to be costly compared to fibre glass. Therefore, for this research study, fiberglass has been chosen as the experimental material due to weight and cost consideration. To implement this, two types of fiberglass will be studied, which are 200 g/m 2 and 600 g/m 2 . Both are from type C and roving cloth. The main interest in this research is to compare these fiberglass in terms of weight, cost, stiffness, toughness and impact resistance subjected to changes in the test specimens thickness on high impact loading.
By end of this research, the type and thickness of these materials can be determined for a safe implementation in the structural and body armour applications as a replacement for the existing material such as type S-glass, type E-glass and Kevlar due to their high cost and availability. Material Selection and Fabrication Process. Fibre glass reinforced polymer (FGRP) was chosen for the research reported here. The type of material used was Epoxy/C-glass (200 g/m 2 ) and Epoxy/C-glass (600 g/m 2 ) where 200 g/m 2 and 600 g/m 2 indicate the fibre weight of the material used. This material was supplied in a 1.2 m × 15 m roll with total area of 18 m 2 . To investigate the characteristic upon the high velocity impact, these materials were fabricated to produce coupon size specimens of 100 mm × 100 mm with 6 mm, 8 mm, 10 mm and 12 mm thicknesses. The composite plates were fabricated by a hand lay-up method and cured for about 48 hours at room temperature. The manufacturing procedures for the FGRP coupon-size specimens consisted of material preparation, the lay-up process, curing process and diamond sawing. High Velocity Impact Test Procedure. The gun actuated high velocity impact machine and used compressed gasses as its driving propulsion power. In principal, the gun applies Newton's law of motion to describe the projectile's motion in the barrel and uses helium as a working gas. The gas gun used in this research consists of five major parts. They are the pressure reservoir unit, the firing mechanism unit, the launching unit, the catch chamber and the velocity measurement as shown in Fig. 1 . The gun is projected to have a capacity to launch a projectile with muzzle velocity (i.e. projectile discharge) of less than 700 m/s at a reservoir tank pressure of 150 bar. Higher velocity is possible if a lighter projectile and a higher reservoir pressure were to be used.
Fig. 1. Major components in the design of the Single Stage Gas Gun
The test was conducted by using blunt type projectile which is made of mild steel with an average mass of 10.66 g and the test was implemented at the velocity of 250 m/s which are in the range of ballistic velocity. Projectile which made of mild steel produces slightly more damage. This can be explained by the fact that the higher modulus of elasticity of mild steel gives a higher contact stiffness, which induces higher contact forces and a smaller contact zone. For each of the thicknesses, 9 specimens were tested. The selections of the test specimen's geometry were based on the National Institute of Justice (NIJ)-Third Status Journals to the Attorney General on Body Armour Safety and Structural Application Initiative Testing and Activities. From this experimental work, the type of results that was retrieved from the Data Acquisition System was Impact Load, (N) vs. Time, (µs) where later the function was integrated to achieve impact energy (J). Results for Epoxy/C-glass (200 g/m 2 ) at velocity of 250 m/s. Fig. 2 shows the impact load as a function of time for different thickness of samples. The results shows that the maximum impact load for the 6 mm thickness was detected at 3129.34 N, while for 8 mm, 10 mm and 12 mm thicknesses, the impact loads were found at 3740.13 N, 4156.58 N and 5139.48 N, respectively. Therefore, the higher the thickness, the greater the impact loads obtained [3] [4] . This is due to the fact that the plates with more layers can absorb more impact energy. The type of damage for each sample thickness is summarised in Table 1 . From the test specimen inspection shown in Fig. 3 , it shows that the higher the impact load, the greater the damage at the contact area of the projectile. The damage area measured at 6 mm thickness was 70 mm 2 , whilst the damage area measured at 8 mm, 10 mm and 12 mm thicknesses were 80 mm 2 , 90 mm 2 and 100 mm 2 respectively. It was found that, the damage area increases as the thickness and impact load increases. It was also noticed that the 6 mm plate specimen was almost fully penetrated at this velocity with a clearance of about 1 mm from the back surface of the plate specimen. Fig. 4 shows that the impact energy increased as both the impact load and thickness increased. For sample with 6 mm and 8 mm thicknesses, the impact energy reported to be 13.37 J and 17.57 J respectively while for 10 mm and 12 mm thicknesses, the impact energy were 19.27 J and 21.50 J respectively. The amount of impact energy being absorbed by the specimen at 250 m/s was much smaller compared to energy absorbed by the specimen at 200 m/s [3] . This is because, the higher the velocity, the lower amount of energy was being absorbed [5] .
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Advances in Mechanical and Manufacturing Engineering Fig. 5 illustrates the maximum impact load detected from the data acquisition system for the test specimens at the various plate thicknesses. It clearly shows that the maximum impact load for 6 mm, 8mm, 10mm and 12mm average thicknesses were identified at 3532.25 N, 3999.57 N, 5052.93 N and 5401.72 N, respectively. It stipulates that the greater the thickness, the higher the impact load sustained [5] . From this experiment, the impact values obtained for Epoxy/C-glass 600 g/m 2 were higher compared to Epoxy/C-glass 200 g/m 2 . The types of damage observed are presented in Table 2 . It was found that none of the specimens were penetrated by the projectile at any thickness level. But, there were damages detected at the center of the contact area of the projectile. It was also found that there was no damage or deformation revealed at the projectile. 6 shows the damage area detected at the test specimens. The damage area measured at 6 mm thickness was 30 mm 2 , whilst the damage area measured at 8 mm, 10 mm and 12 mm thicknesses were 40 mm 2 , 50 mm 2 and 60 mm 2 respectively. It was found that, as the thickness of the plate increased, the damage area of the test specimens also increased due to the toughness of the fiber lay up in the specimens. The test specimens become stronger and tougher as the layers of fiber increased [6] . Fig. 6 . Damage observation of test specimen at velocity 250 m/s for Epoxy/C-glass 600 g/m 2 Fig. 7 shows that at 6 mm thickness, the amount of energy absorbed was 73.70 J while for 8 mm thickness, it is at 85.33 J. For 10 mm and 12 mm thickness, the impact energy was 96.10 J and 123.30 J, respectively. The amount of energy absorbed for Epoxy/C-glass 600 g/m 2 was greater compared to Epoxy/C-glass 200 g/m 2 due to the toughness of the woven fiber. It can be concluded that the higher the amount of energy impact, the damage area of the impacted surfaces also increases proportionally. 
Summary
The investigation of using Epoxy/C-glass 200 g/m 2 and Type Epoxy/C-glass 600 g/m 2 composite plates, which are subjected to impact loading, have been successfully studied. For the projectile's velocity of 250 m/s, it was found that Epoxy/C-glass 200 g/m 2 was able to absorb 21.5 J of energy at the thickness of 12 mm, while Epoxy/C-glass 600 g/m 2 was able to absorb 96.1 J of energy at 10 mm thickness. Both the fibreglasses compute damage in terms of slight matrix breakage and cracking. A general trend was observed on the overall ballistic test results, which indicated that, as the plate thickness continue to increase, the damage at the lower skin decreases and could not be seen. Moreover, it was also found that as the plate thickness increases, the maximum impact load and impact energy increases relatively. Damage induced by Epoxy/C-glass 200 g/m 2 exhibits global deformation or larger damage region compared to Epoxy/C-glass 600 g/m 2 , which showed a local deformation and small breakage in the impact surface. 
